Background-Early life trauma, particularly child abuse, has been associated with aberrations in hypothalamic-pituitary-adrenal (HPA) axis functioning in adulthood. However, the relationship of early abuse and later adult neuroendocrine changes may be moderated by additional factors such as comorbid psychopathology and recent life stress. Parental exposure to child abuse may have transgenerational effects, with offspring of abuse victims showing similar neuroendocrine profiles as their mothers. The majority of previous studies in this area focus on adult offspring, and the degree to which the effects of parental child abuse can be detected earlier in the development of the offspring remains obscure.
Introduction
A history of early life stress (ELS), such as childhood trauma, is associated with a striking increase in the risk for subsequent depression (Chapman et al., 2004; Felitti et al., 1998) and anxiety disorders (McCauley et al., 1997) . Several large-scale studies have shown significant associations between childhood trauma and adult depression. For example, Kendler et al. (2004) noted that the onset of major depressive disorder (MDD) in adult women is best predicted by a combination of childhood sexual abuse and current life stress. While the majority of women who develop MDD do not have a history of childhood trauma, people with adverse childhood experiences have been found to have a 4-fold increase in the risk of depression (Felitti et al., 1998) .
The HPA axis is hypothesized to be an important link between ELS and the pathophysiology of later psychopathology. Heim and colleagues (2000) found that abused women showed significant cortisol increases in response to a laboratory stressor if they were currently depressed but not if they were currently euthymic. The authors hypothesize that ELS is associated with a greater sensitivity of the HPA axis to stress during adulthood. This sensitivity potentially underlies a vulnerability to the development of adult depression and suggests that current depressive symptomatology is a potentially important moderator of the ELS -HPA axis relationship.
In addition to depressive symptoms, it has been hypothesized that recent life stressors (Young & Breslau, 2004) and PTSD (de Kloet et al., 2007) might also moderate the relationship between ELS and HPA axis function. The impact of early child abuse combined with these moderating factors on perinatal HPA axis function remains unknown. Adult females with a history of sexual abuse with current PTSD have demonstrated increased urinary cortisol excretion and increased glucocorticoid feedback sensitivity (Lemieux & Coe, 1995; Stein et al., 1997) . Neuroendocrine responses (such as pituitary and adrenal) have also been found to be positively correlated with the degree of the abuse and the severity of the PTSD and depression (Heim et al., 2001) .
Women who have had a previous depressive episode are vulnerable to perinatal depression (Marcus, Flynn, Blow, & Barry, 2003) . As depression and anxiety have been linked to hypothalamic-pituitary-adrenal (HPA) axis alterations, it is not surprising that perinatal depression and anxiety are significantly related to both maternal and infant HPA axis functioning (Field et al., 2006) . Our group recently reported that maternal depression was significantly associated with increased levels of baseline and mean infant cortisol levels. Maternal depression with a comorbid anxiety disorder was related to increases in infant cortisol reactivity (Brennan et al., 2008) . The relationship between maternal PTSD and infant cortisol levels differs from the maternal depression-infant cortisol findings, although such research remains limited. Yehuda and colleagues, in a sample of 38 mother-infant dyads, noted that maternal PTSD following 9/11 was associated with significantly lower infant baseline cortisol levels 9 months of age (2005) . Potential moderators, such as comorbid depression and recent life stress were not assessed. Perinatal maternal depression and stress have also been shown to effect many aspects of child behavior and development. Cognitive performance, behavior, and child psychopathology have all been shown to be influenced by perinatal maternal mental illness (see Brand and Brennan, 2009 for a recent review of this topic).
As addressed above, it has been suggested that ELS can influence the HPA axis of adult women and that comorbid psychopathology, recent life stress, and current depressive symptoms may moderate this relationship. Furthermore our group and others have demonstrated links between maternal psychopathology and infant cortisol levels. The primary goal of this study is to take this line of research one step further and investigate the association between maternal history of child abuse and maternal cortisol levels in a clinical sample of postpartum women, and to explore whether depressive symptoms and stressful life events, as well as comorbid PTSD moderated this relationship. Our secondary goal is to examine potential transgenerational effects, such that infants of mothers with an abuse history would show patterns of HPA axis function similar to their mothers.
Methods

Participants
Women participating in a longitudinal study of the perinatal course of mental illness at the Emory Women's Mental Health Program (WMHP) were screened for study participation. Inclusion criteria were: (1) lifetime history of MDD as determined by SCID, (2) completion of the Childhood Trauma Questionnaire (CTQ); and (3) participation in a laboratory visit at 6 months postpartum. Subjects were excluded for: 1) multiple gestation; 2) substance abuse or dependence during pregnancy; and 3) psychotic or bipolar disorder. The Emory University Institutional Review Board approved this study, and mothers provided written informed consent.
A total of 126 mother / infant dyads qualified for the present study. The infant sample contained 62 boys and 64 girls, with a mean age of 187±17 days at the time of the laboratory study. Most (94%) of the mother/infant dyads were Caucasian, the median maternal education level was college graduate, mean maternal age was 34 ± 4 years, and 95% of the mothers were married or cohabitating at the time of the infant follow-up.
Procedure
During the course of serial perinatal visits at the WMHP, women completed psychometric questionnaires including the CTQ. When the infants were six months old, a laboratory visit was conducted to examine HPA axis functioning in mothers and infants (Brennan et al., 2008) . All laboratory visits began at 1:00 pm to control for the diurnal rhythm of cortisol. Following procedural explanation and consent, initial samples of infant and mother saliva (T0 -baseline) were obtained. Next, the mother completed a series of questionnaires, while adjacent to her, the infant was held by a research assistant. After a 20-minute period, the second saliva sample (T1 -post-separation stressor) was obtained from both the mother and infant. The infant was then placed in a car seat behind an occlusion screen, and the mother was permitted to view her infant on a TV monitor during a noise burst and an arm restraint stressor task. Saliva samples were taken from the mother and the infant immediately after the lab stressor tasks were completed (T2 -post-noise/arm stressor I), and again 20 minutes later (T3 -post-noise/arm stressor II). Our three post-stressor cortisol measures (T1, T2, T3) were taken in post-stressor time windows when cortisol levels typically increase (5 to 40 minutes) (11, 12) . Mothers refrained from eating, and research assistants recorded infant food (breast milk, formula) intake prior to saliva collection. Following the infant assessment, the mothers completed a clinical interview administered by a research assistant.
Measures
Maternal diagnosis-Mothers were assessed for lifetime and current psychiatric disorders using the Structured Clinical Interview for DSM-IV (SCID) (First, Spitzer, Gibbon, & Williams, 1995) . A reliability analysis based on 10% of our sample yielded weighted kappas of 0.83 for MDD diagnosis and 1.0 for PTSD diagnosis.
Maternal abuse history-Mothers completed the CTQ, a validated measure assessing childhood exposure to emotional, physical, and sexual abuse (Bernstein & Fink, 1998) . Child trauma was operationalized as mild or higher levels of sexual abuse or moderate or higher levels of physical abuse. We excluded emotional abuse in order to maintain consistency with the previous ELS literature.
Maternal depression-The number of women meeting SCID criteria for current MDD was too low to provide sufficient power for reliable analyses. Therefore, we used mothers' selfreported current depressive symptoms on the Beck Depression Inventory-II (BDI) (Beck et al., 1996 (Beck, Steer, & Brown, 1996 as our measure of current maternal depression. In our sample, the mean BDI score was 8.67 (SD=7.49), and the alpha for internal reliability was . 88. Mothers were categorized as high vs. low on depressive symptoms, using a BDI cutoff score of ≥12 (Milgrom et. al., 2005) .
Exposure to prenatal and perinatal stress-Mothers completed the psychiatric epidemiology research interview (PERI) stressful life events scale (Dohrenwend, Krasnoff, Askenasy, & Dohrenwend, 1982) , focused on stressful life events occurring during pregnancy or the postpartum period.
Health history-Mothers completed an obstetrical history questionnaire detailing medical illnesses, medication exposure, exposure to toxins (e.g. nicotine, illicit drugs), method of delivery, and complications associated with the infant's birth. Use of medications during pregnancy was determined by prospective longitudinal data collection during serial visits at the WMHP. Maternal and infant medication use, as well as eating and sleeping patterns on the day of the laboratory study were obtained. Mother's current menstruation status and recent aerobic activity were also queried as potential confounds in relation to cortisol.
Salivary cortisol concentrations-Saliva samples were frozen at −20°C within 15 minutes of collection. Saliva was assayed for cortisol concentration using a commercially available radioimmunoassay kit (DiaSorin GammaCoat, Stillwater, Minnesota). Sensitivity for saliva cortisol is 0.05 mcg/dL, and inter-and intra-assay coefficients of variation are 6.0% and 3.5% respectively. All standards and samples were run in duplicate by a research assistant masked to maternal trauma history, maternal psychiatric diagnosis, whether sample was collected from mother or infant, and the time point of sample collection.
Mother and infant salivary cortisol measures were: 1) baseline cortisol (T0 -study entry); and 2) cortisol change calculated as the area under the curve (AUC; linear trapezoid method) for T1, T2, and T3 cortisol samples, as measured from baseline (T0).
Statistical Analysis
Descriptive statistics were calculated to provide a characterization of the study sample. To identify important covariates for hypothesis testing, preliminary univariate analyses were conducted to examine the relationship between the dependent variables and demographic (marital status, education, gender), obstetrical (prenatal maternal medication use, delivery complications, method of delivery) and other health-related (maternal and infant food and medicine intake, menstruation) predictors.
Hypothesis testing utilized analyses of covariance (ANCOVA) with maternal baseline cortisol, maternal cortisol change, infant baseline cortisol, and infant cortisol change as dependent variables. Dependent variables were log-transformed prior to ANCOVA (non-transformed values are presented in the figures for ease of interpretation). Covariates included demographic and clinical characteristics that were significantly associated with the dependent variables. All tests were two-tailed, and an alpha of 0.05 was used throughout.
Results
Descriptive / Preliminary Analyses
Thirty-eight women (30% of sample) were classified as having a history of abuse according to the CTQ (28 with sexual abuse only, 9 with physical abuse only and one with both sexual and physical abuse), and 15 (12%) had a lifetime history of PTSD. Fifty-five mothers (44%) reported a stressful life event during pregnancy or the postpartum period. At the time of laboratory assessment, 38 women (30%) had a BDI score ≥12
Two of the potential confounds were significantly associated with one or more cortisol measures and were therefore statistically controlled in subsequent analyses. Specifically, whether or not the infant was currently breast fed versus bottle fed was significantly associated with infant baseline cortisol (t=2.11, p<.05), and infant birth order (number of siblings) was significantly associated with maternal baseline cortisol (r=−.18, p<.05). Maternal marital status, maternal education, child gender, prenatal maternal medication use, delivery complications, method of delivery, infant and mother food and medicine intake and maternal menstruation cycle were unrelated to cortisol measures in this study.
Maternal current depressive symptoms were not significantly correlated with maternal PTSD diagnosis (r= −.02 , p= .83) or recent stressful life events (r= .17, p=.06). Maternal PTSD diagnosis and recent stressful life events were significantly correlated, but the strength of the correlation was low (r=.18 , p=.04). Therefore each moderator was assessed in a separate ANCOVA; post-hoc analyses controlling for each of the other moderators did not change the results described below.
Cortisol change in response to stress was inversely correlated with baseline cortisol (r=−.66, p<.001 for mothers and r=−.62, p<.001 for infants), confirming the law of initial value (commonly noted inverse correlation between baseline and reactivity in physiological responses) (Wilder, 1958) . All analyses examining cortisol change therefore included baseline cortisol as a covariate.
Maternal Abuse History and Maternal Cortisol
ANCOVAs revealed a statistically significant association between maternal abuse history and mother cortisol change (F(1,111)=4.82, eta squared=.04, p=.03) but not maternal cortisol at baseline (F(1,119)=1.37, eta squared=.01, p=.24). The maternal post-stressor cortisol concentrations were lower for mothers with a history of childhood abuse compared to mothers with no such history (cf. Figure 1A) .
Moderators of Maternal Abuse History and Maternal Cortisol
Table 1 presents the significance levels of the interaction terms from the ANCOVAs examining potential moderators of the relationship between maternal abuse history and maternal cortisol. As can be seen, maternal depressive symptoms, exposure to stressful life events, and history of PTSD significantly moderated the relationship between maternal abuse history and maternal cortisol change in response to stress; however none of these factors moderated the relationship with maternal baseline cortisol.
In order to interpret these interactive effects, we plotted maternal abuse history as a dichotomous variable by maternal cortisol levels across T0 to T3 in groups with or without current maternal depression (Figure 2) , recent stressful life events (Figure 3) , and maternal lifetime history of PTSD (Figure 4) . A similar pattern was noted across Figure 2 through Figure  4 . In each instance, the presence of an additional risk factor (i.e., maternal depression, stress, or PTSD) resulted in a pattern of higher cortisol levels for women with a history of abuse in comparison to women with no such history. In the absence of these additional risk factors, maternal history of abuse was associated with a decrease in cortisol, similar to that noted in the sample as a whole. This divergence in cortisol levels was most apparent in response to the initial separation from the infant (change in cortisol from T0 to T1).
Maternal Abuse History and Infant Cortisol
ANCOVA revealed a statistically significant association between maternal abuse history and infant baseline cortisol (F(1,119)=5.15, eta squared=.04, p=.03). As can be seen Figure 1B , infants of mothers with a history of childhood abuse had lower baseline cortisol levels than controls. In contrast, infant cortisol change in response to the stressors was not associated with maternal abuse history, once differences in baseline were controlled (F(1,105)=.34, eta squared=.00, p=.56). Table 2 presents the results of ANCOVAs testing whether current maternal depression, recent stressful life events, and maternal lifetime history of PTSD acted as moderators of the relationship between maternal abuse history and infant cortisol. Only one moderator term was statistically significant. Maternal lifetime history of PTSD interacted with maternal abuse history to predict infant change in cortisol. Figure 5 presents the cortisol levels of infants from T0 to T3 plotted according to maternal abuse history and PTSD. Infants whose mothers have a history of both child abuse and PTSD demonstrated the greatest increase in cortisol relative to baseline.
Discussion
This study examined the relationship between early life trauma and HPA axis function in response to a laboratory stressor paradigm in a clinical sample of mother/infant dyads during the postpartum period. Infants whose mothers had a history of trauma showed significantly lower levels of baseline cortisol. No differences in baseline cortisol were found for mothers with a history of child abuse; however, these women demonstrated greater decreases in cortisol in the context of the infant stressor paradigm. Our finding that maternal cortisol decreases in response to stress is consistent with those seen in healthy women with a history of childhood maltreatment (Carpenter et al., 2007) . The HPA axis hyporeactivity findings from the current investigation and the Carpenter study parallel those noted in primate and rodent studies of chronic social stress and subordination (Pohorecky et al., 2004; Saltzman et al., 2006) . However, they do stand in contrast to the findings from the clinical samples linking ELS to HPA axis hyperreactivity (e.g., Heim et al., 2000) . Further research is needed to see whether the contrasting results from community versus clinical samples can be accounted for by a higher level of current symptomology (e.g., depression, current life stress) in clinical samples, which we found to be moderating factors for HPA axis reactivity in the mothers in our study.
An examination of the moderating effect of depressive state, stressful life events, and comorbid PTSD on the relationship between early trauma and cortisol levels yielded statistically significant results for infant and maternal cortisol. The general pattern of results suggests that in mothers reporting childhood abuse and an additional risk factor, maternal cortisol levels were higher. These findings were also similar to those of Schechter and colleagues (Schechter et al., 2004) who found that mothers with higher levels of PTSD symptoms had the highest cortisol response to separation from their child. The majority of previous studies in clinical samples have found increased HPA axis reactivity in association with early life trauma or abuse, and that these effects are more prevalent in individuals with depressive disorders or symptoms (Heim, Mletzko, Purselle, Musselman, & Nemeroff, 2008; Heim et al., 2000; Young & Breslau, 2004) . Our study suggests that current life stress and comorbid PTSD may also be important moderators of the ELS-HPA axis relationship.
MDD and PTSD are both associated with dysregulation of the HPA axis and more specifically down regulation of pituitary CRH receptors (Shea et al., 2004) . Depressed patients have consistently exhibited increased basal cortisol levels in urine, cerebral spinal fluid, and plasma, and show an exaggerated cortisol response to ACTH. The biological findings in PTSD are less consistent with some investigators showing decreased cortisol levels in urine and plasma (Yehuda et al., 1995) and others have showing increased cortisol levels as compared to controls (Maes et al., 1998) . As Shea and colleagues point out, these differential findings could be due to a number of factors such as type of trauma, the amount of time elapsed since the trauma, and the presence of comorbid MDD. Furthermore, the presence or absence of ELS influences the relationship between psychopathology and HPA axis dysregulation.
Our findings support the hypotheses of Heim and colleagues (2001) that ELS may alter the set point of the stress response system. Specifically, they propose that ELS may lead to sensitization of the anterior pituitary to CRF, perhaps reflecting a biological vulnerability to the effects of stress (2001) . This vulnerability in turn increases the risk for eventual depression or anxiety in adulthood. While this study did not specifically examine CRF concentrations, our findings are consistent with this existing literature, and additionally extend the previous findings of the moderating effects of MDD to current life stress and PTSD.
ELS was not found to effect maternal baseline cortisol levels. One potential reason for the lack of expected findings is that our measure was not a "true" baseline. Before coming into the laboratory the mother had been informed about the nature of the study, and therefore could have already been anticipating the stress of the study when the first samples were taken. In the infants, no anticipation stress would occur, and therefore the baseline measure may have been more reflective of a "true" baseline. In the future, this study should be replicated using measures at home to better capture both maternal and infant baseline levels of cortisol.
The secondary aim of this study was to investigate possible transgenerational effects of ELS. While transgenerational effects were found, the infants did not show similar neuroendocrine profiles as their mothers. We have already noted the possibility that baseline measures taken from the mother and the infant may not have been comparable, due to the fact that the mother may have been anticipating the study in advance of her arrival to the laboratory. There are many other potential explanations for non parallel findings between the mothers and the infants in terms of their HPA axis responses. The first explanation is developmental. The HPA axis continues to develop throughout childhood and adolescence (Walker et al., 2001) , and it is possible that after these infants go through adolescence, their neuroendocrine profiles will more closely resemble their mothers. The infants may also be in a developmental period of hyporesponsivity to stress, which would dampen findings related to the reactivity measure in particular. Alternatively, it may be the mother's HPA axis that has changed over time. Lower baseline cortisol may have initially followed the childhood trauma (King et al., 2001) , but may not have been sustained into adulthood, particularly if the mother eventually developed major depression, as all of the women in our sample eventually did. It is also possible that the laboratory paradigm used in the current study did not confer the same level of stress to both mother and baby. The stress paradigm utilized in this study was directed toward the infant rather than the mother; the impact of the "stressors" on the mother was arguably limited. The fact that such a minimal stressor produced significant group differences in cortisol responsivity suggests that our finding may be a conservative estimate of the relationship between childhood trauma and cortisol reactivity in depressed women.
Maternal comorbid PTSD also significantly moderated the relationship between ELS and infant cortisol levels, a finding consistent with colleagues (e.g. Yehuda et al., 2005, Yehuda et al., 2007) . Our study found that maternal PTSD was a moderator for infant cortisol reactivity rather than baseline. In our sample, maternal childhood trauma was associated with lower infant baseline cortisol, regardless of maternal PTSD status. We noted a hyperactive cortisol response to stress in infants, however, only if their mother reported both early childhood trauma and PTSD. Our study also differed from Yehuda et al. (2005) in that we focused on the effects of maternal ELS on infant cortisol levels, whereas Yehuda focused on the effects of trauma and maternal PTSD experienced during pregnancy. More research is needed to understand how the timing of the stressor interacts with maternal PTSD to predict infant HPA axis abnormalities.
Currently, the field of biological psychology is not at a place where we can make accurate predictions about the impact of low cortisol levels (as seen in the infants of mothers with significant early life stress) on future behavioral or neuroendocrine outcomes. However previous research has shown associations between low basal cortisol levels and disruptive behavior in children (McBurnett et al., 2000) . Similarly, the clinical implications of the moderator findings cannot yet be applied at an individual level of prediction. But there are studies that indicate that increased cortisol reactivity to laboratory stressors may be related to internalizing problems later in development (Ashman et al., 2002) . In addition, the knowledge that a mother suffers both from ELS and PTSD or recent depressive symptoms might be a useful indicator a potential vulnerability of infant's stress response system.
The current study has other notable limitations. The study group is demographically homogeneous, all women had a history of MDD and participated in a longitudinal study spanning over 12 months therefore potentially limiting the ability to generalize the findings to other maternal groups. Our study examined physical and sexual abuse histories, combined into one trauma indicator. Post-hoc analyses suggested that sexual abuse history largely accounted for our findings. Studies with larger samples should examine specific types of abuse histories in relation to HPA axis function.
Despite the limitations of the current study, these novel data raise questions about the impact of moderators of HPA axis function in postpartum women with a history of early abuse and provide evidence for early detection of transgenerational effects of childhood trauma. The findings from this study add to the existing knowledge of the effects of maternal trauma on biological responses by showing that they may only be evident under circumstances, such as when occurring in combination with additional life stress. Furthermore, this study demonstrates that significant early life stress can have lasting impacts on both women and their infants. Mother abuse history as determined as present or absent by the CTQ, and cortisol levels measured from baseline (T0) to post-stressor (T1,T2,T3) time points. Mother abuse history is associated with significantly less cortisol reactivity in the mother and a significantly lower cortisol baseline in the baby. Mother abuse history as determined as present or absent by the CTQ and cortisol levels measured from baseline (T0) to post-stressor (T1,T2,T3) time points divided by current depressive symptoms. The presence of current depression resulted in a different pattern of cortisol response to the stressor. Mother abuse history as determined as present or absent by the CTQ and cortisol levels measured from baseline (T0) to post-stressor (T1,T2,T3) time points divided by recent stressful life events. The presence of recent stressful life events resulted in a different pattern of cortisol response to the stressor. Mother abuse history as determined as present or absent by the CTQ and cortisol levels measured from baseline (T0) to post-stressor (T1,T2,T3) time points divided by maternal history of PTSD. The presence of a history of PTSD resulted in a different pattern of cortisol response to the stressor. Mother abuse history as determined as present or absent by the CTQ and infant cortisol levels measured from baseline (T0) to post-stressor (T1,T2,T3) time points divided by maternal history of PTSD. Infants of a mother with a history of both child abuse and PTSD demonstrate the greatest increase in cortisol relative to baseline. Table 1 Moderators of maternal history of abuse and maternal cortisol. History of PTSD 111 6.13 .06 .02
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